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Case Report:
Effective Intravascular Therapy for Arteriovenous Malformations of Extremity and Shoulder

Motonari Nomura', Shuichiro Uehara’, Keigo Osuga®,

Hiroki Higashihara®, Takaharu Oue’, and Masahiro Fukuzawa"

!} Department of Pediatric Surgery, Osaka University
% Department of Diagnostic Radiology, Osalka University

We report two cases of arteriovenous malformations
(AVM) of extremity and shoulder for which intravascular
therapy was effective.

Case 1: A 15-year-old boy presenting shoulder pain.
When he was 13 years old, he felt radical shoulder pain with
movement of the right upper extremity which eventually
led to difficulty in raising the affected extremity. When he
was 14 years old, the progressive symptoms were diag-
nosed as vascular lesions by contrast-enhanced computed
tomography scanning, and he was then referred to our hos-
pital. He was diagnosed with AVM because of the existence

Key words: arteriovenous malformation (AVM), transarterial
embolization (TAE), sclerotherapy, intravascular therapy
Correspondence to: Motonari Nomura, Department of Pediatric
Surgery, Osaka University, 2-2, Yamadaoka, Suita-shi, Osaka, 565-
0871 JAPAN

of a nidus around the right shoulder blade. The symptoms
were improved after transarterial embolization (TAE) was
repeated for three times.

Case 2: A 15-year-old girl presenting femur pain. When
she was 3 years old, swelling at the back of the femur was
noted. When she was 11 years old, she felt pain of the
affected site for the first time. She was diagnosed as hav-
ing AVM, and was referred to our hospital. We performed
intravascular therapy involving vascular embolization or
sclerotherapy for three times, and the symptoms improved
with the nidus reduced significantly.

Improvement of symptoms is a very important outcome
of the AVM therapy. Since intravascular therapy involving
TAE or sclerotherapy is minimally invasive and can be per-
formed repeatedly, its application for the improvement of
AVM, especially in children, is emphasized in this study.
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. ‘Ih vitro analysxs

regulates anglo- ‘

seems to’ stablhze cell—cell Junctxons ‘of ECs: In add~

ition, genetically engineered mouse models suggest that
apelin/APJ regulates vascular stabilization and matur-
ation in physiological and pathological angiogenesis. In

the apelin/APJ
maturation.

CAM, chorloallantom membrane DCs dendritic
cells; ECs, endothelial cells; ERK
extracellular-regulated kinases; HIF, hypox1a indu-
cible factor; iNKT, invariant natural killer T; ISVs,
intersomitic vessels; PI3K, phosphatxdylmosrtol 3
kinase; VEGF; vascular endethelial growth factor.

Charactenstlcs of Apelm and APJ

Apelin was rmtlally, 1dent1ﬁed as an endogenous ligand
for-the orphan G protein- coupled receptor with seven
transmembrane domains, APJ, isolated from bovine
stomach extracts in 1998 (- Apelin' is secreted as a
ino 2 1 ein,“an immature peptlde

which is cleaved by protease to form C-terminal prod-
ucts; inicluding apelin-13, apelin-17 and-apelin-36 (2).
These isoforms have distinct activities, with the.shorter
isoform seeming to be the more potent activator for
APJ. In mammals, the sequence of preproapelin is
strongly conserved in different species, and'it has com-
plete identity for the last 23 residues of the C-terminal.
Apelin (65-77) activates extracellular signal-regulated
kinases through a pertussis toxin sensitive' G protein
(3). Apelin-13 ‘and apelin-36 ‘have different receptor”
binding affinity and cause-different-intracellular traf-
ficking of APJ (4). The gene encoding the APJ receptor
was identified by homology-cloning in-1993.(5). - APJ:
has high-sequence homology with the .angiotensin II
type T receptor, ‘but it does not bind angiotensin II.
Apelin is believed to be the only endogenous hgand
for:APJ. '
Apelin.and APJ medlate a Wlde range of physio-
logical actions, including.regulation of cardiovascular
function, fluid “homeostasis, -adipo-insular axis .and
angiogenesis. Studies on APJ function -have been
focused -on the cardiovascular system, because of its
similatity'to the angiotensin IT receptor. It.seems that
intravenous injection of apélin induces ‘a reduction in
blood pressure {6). The hypotensive effect of apelin isa
consequence of intracellular activation-of ‘nitric oxide
synithase (7). Apelin ‘also causes.vasoconstriction ‘be-
cause:of -contraction ‘of ‘the vascular smooth muscle
cells*(8). Plasma apelin levels and APJ expression ‘are
clearly modulated‘in patients with heart failure (9, 10).
It*has been reported that apelin has positive inotropic
effects in in vitro and in vivo studies (11-14). Apelin
hasbeen shown to be expressed and released from-adi-
pocytes by fasting and refeeding factors, such as insu-:
lin;*and "can--act ‘as an-adipokine (15).“'For these
reasons, ‘apelin-is now attracting ‘attention in the'con-
text of metabolic disease. In patients with type 2 dia-
betes, plasma apelin ‘concentrations “are increased
(165 17). It ‘has also been suggested that apelin may
have other effects, such as on fluid homeostasis (Z8);
gastrin stimulation (]9) and immune responses (20).

Drt butlon vand Regulatlon of EXPI’ESSIOI’I

various: penpheral tissues nd. embryo y
nghest 1evels of APJ are. found 1n the lung ~and
d ) ars ,

was locahzed m bt"he
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endothelial cells (ECs) and smooth muscle cells (23).
APJ expression is also observed in the brain, including
the cerebral cortex, hypothalamus, hlppocampus and
pituitary gland (6, 22). Apelin expression is also de-
tected in a range of peripheral tissues, including
heart, liver, kidney, adipose tissues and brain, with
highest levels found in the lung and the mammary
gland (2, 6,20, 24): Localization of apelin expression
in tissue was observed in vascular ECs, adipose t:ssue
and epithelial cells (7).

An important physiological role for apelin and APJ
is-suggested by the observation of Wldespread distribu-
tion of receptor and ligand expression in tissues, as
described previously.-Apelin and APJ were found to
be abundantly expressed in various peripheral tissues,
and localization was restricted to blood vessels (2, 7, 8,
20, 22--26), suggesting a role for apelin/APJ in angio-
genesis and vascular formation.

Regulation of transcription

Many transcription factors that may regulate apelin
gene expression have been reported. Rat and human
apelin core promoter sequences contain putative bind-
ing sites for upstream stimulatory factor 1/2, and over-
expression of USF upregulates apelin transcription
(27). Multiple signal transducer and activator of tran-
scription binding sites have been identified in the rat
apelin promoter, and apelin expression is elicited by
stimulation using inflammatory cytokines associated
with binding of phospho-Stat3 (28). In white adipo-
cytes, apelin is upregulated by the transcriptional
co-activator peroxisome proliferator-activated recep-
tor y co-activator 1 o (29). Under hypoxic conditions,
hypoxia inducible factor-la (HIF1-o) binds to the
hypoxia-responsive element (-813/-826) located within
the first intron of the human apelin gene and increases
apelin expression in vascular cells (30).

The molecular mechanism of APJ gene transcrip-
tional regulation has not been well characterized so
far. Analysis of the 5-flanking region of a rat APY
genomic clone identified sites with the strongest pro-
moter activity in a region between (-966/-165) where
the Spl motif suggested to play a major role (31).
Other investigations using gene-based
single-nucleotide polymorphism analysis have also
shown that both APJ and apelin genes are probably
regulated by Spl (32).

Cell effects and intracellular responses

Apelin has been shown to induce the proliferation and
migration of APJ-expressing ECs (33). The major sig-
nalling pathways of apelin are mediated initially by
Gi-protein coupled to the APJ receptor and protein
kinase C (Fig. 1). It has been reported that apelin
causes  concentration-dependent  inhibition  of
forskolin-stimulated production of cAMP and in-
creases the phosphorylation of extracellular-regulated
kinases (ERK) or protein kinase B in umbilical ECs
(3, 20). Apelin/APJ-induced ERK activation ‘is
mediated by pertussis toxin sensitive G protein (3).
On  binding of  apelin to  APJ, the
phosphatidylinositol-3 kinase (PI3K) pathway and
the ERK pathway lead to the phosphorylation of

126

p70S6K. It has been reported that the PI3K-protein
kinase B pathway contributes to EC migration (34)
and that the ERK/PI3K-p70S6K pathway regulates
EC proliferation (35). Acceleration of cell motility by
apelin was also reported using Chinese hamster ovary
cells expressing APJ (21). Recently, it has been shown
that APJ forms a heterodimer with x-opioid receptors
and leads to phosphorylation -of ERK; resulting.in

increased cell proliferation (36). In addition, apelin in-..

hibits the mouse pulmonary arterial EC apoptosis,
observed in pulmoriary arterial hypertension (37). It
has been reported that apehn—mduced antl-apoptosm
is mediated by the induction of Bcl2 protein expression
and activation of the PI3K /protein kinase B signailing
pathway (38). Apelin-36 and apelin-13 can activate the
same set of intracellular. effectors, but they display
some differences in their Gi-protein coupling and
differ greatly in their desensitization pattern (39).

Role of Apelin in Blood Vessel Formation

Developmental stage

The establishment of vascular network is absolutely
necessary for the growth and maintenance of tlssues/
organs. New blood vessel formation in vertebrates is
known to occur by two different processes, vasculo-
genesis and angiogenesis (40). Vasculogenesis is the
process of formation of de novo primitive vascular net-
works dlrectly from anglob]astlc precursor cells. In
contrast, angiogenesis is a process of formation of
new vascular segments by sprouting from the
pre-existing vessels. Vasculogenesis is normally
observed in early embryogenesis, whereas angiogenesis
occurs during development and in post-natal life.

cAMP PI3K PKC
PtA Att MtK
¢ 1N l
eNOS ! mTOR ERK
PN ¢
’=' p7086 Kinase
v

Migration and . -
Anti -apoptosiis Proliferation

Fig. 1 Schematic of intracellular signal transduction pathways and
cellular effects in the apelin/APJ system.
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Apelin seems to have 1mportant‘roles in angiogenesis
aevis. embryos, ex-

durlng embryogenesis. In Xer
pression of homologues

observed in developing vascular structures of the

inter-somitic vein (41):

-segmental
f » zebrafish

embryos, expressxon of an orthov og of APY
in eplthehal structures, such as venous vasculature
xpressed

apehh pfotem Was élso detected in the somite regi

E9.5 (44). These ‘expression profiles suggest that the

apelin/APJ system plays a spatiotemporal role in
blood vessel formation by its transient expression on
blood vessels ECs during angiogenesis. The role of
apelin in vascular formation has been studied in.our

group using mouse: embryos.- We previously showed:

that the apelin/APJ system-induces: cell—cell assembly
and-the proliferation-of vascular-ECs. When the apelin
gene was: knocked out;the caliber:of inter-somatic ves-
sels-in the .embryo was:-narrower. These results:indi-
cated -that . the ~apelin/APT:system. is.. mvolved .dn

maturation ‘of blood vessels-by caliber size modlﬁca—,

tlon during-angiogenesis. (44) (Fig. 2). .

-the- neonatal: mouse: retina: APJ expressmn is
upregulated in ECs.of the rad; essels Sprouting
from -the - Opth nerve head. -region;.

onal inhib:

is observed -

but attenuatedv

Apelin-APJ axis in vascular formation

expression is specifically restricted to the venules and
the associated capillaries (46), indicating a possible

function of apelin 31gna111ng for venous vascular
‘formatlon ~

be broadly expressed in
origins. By comparing
umours versus normal
endothelium, apehn has been identified as a tumour
endothehal -specific gene (52) In human breast carcin-
& detected in the vascular
analysxs (53). As
ssion is physiologic-
xia and regulated by
ur microenvironment
ent apelin expression

expressmn level of the

; ecepts { :
CIn ghoblastoma, ‘both APJ and apelm transcnpts are
‘highly ‘upregulated within the microvasculature com-.

pared with blood vessels in ‘normal brain tissue (41).
Consistent with this result, we detected high-level ex-
pression of apelin and APT mRNA in ECs from tu-
mours. g’enerated by: the. inoculati'on of Lewis. Tung
mice. In addmon, 1mmunohlstochemlcal analys1s of
colon 26 tumour . revealye,d; that ~13% -and 27%. of
the. vessels were ‘APJ=positive -and apelin-positive, re-
spectively, and most ECs co-expressed-apelin and APJ
(54). Of course, the ratios of -apelin or. APJ posmwty in
ECs may be different: dependlng on: the tumour. size
and tumour growth course *’Observanon of hlgh APJ
expressmn 1in.angiogenic.
similar . .to . that . during .;normal - development
Co- expresswn of ligand and.receptor in ECs.of the
newly formed tumour blood vessels suggests the pos-
sibility that APJ in ECs is stimulated by autocrine and
paracrine loops. .

Several attempts have been m

One’ of “the" ‘riajor therapeutlc “benefits- of tumout
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od vessels in tumours was -
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Vascular maturation

Fig. 2 (A) Schematic representatlon showmg how ape]m/APJ sxgnallmg induces vascular maturation, ngh levels of expressmn of apelin protein in
tip cells probably activates AP signalling in the neighbouring stalk cells. Subsequently, these cells will adopt proliferating and aggregating

behaviour to form enlarged mature vessels. (B) Image of ear-skin blood vessels in apelin-transgeni¢ mice under regulation of the K14 promoter,
and apelin-deficient mice.-Compared with wild-type mice, more enlarged mature vessels are observed in apelin-transgenic mice and more narrow

immature vessels in apelin-deficient mice.

vascular normalization is enhancement of the effects of
conventional anti-tumour therapies, such as chemo-
therapy and radiation therapy (58). In our study,
apelin-mediated vascular maturation enhanced the
effect of immunotherapy with dendritic cells. These
therapeutic effects resulted from induction of tumour
cell apoptosis by effective infiltration of activated in-
variant natural killer T cells (54).

Thus, regulation of APJ activity might lead to the
development of new vascular normalization drugs,
which should be more efficacious than anti-angiogenic
agents because of their unique ability to induce vascu-
lar enlargement.

Vascular regeneration

Several lines of evidence indicate that apelin can sig-
nificantly enhance migration, proliferation and capil-
lary tube-like formation of cultured ECs (30, 33, 35,
44, 59). In in vivo, Matrigel plug assays for angiogen-
esis, addition of apelin resulted in the formation of
capillary-like structures (33). Moreover, apelin peptide
stimulates angiogenesis in the chicken chorioallantoic
membrane assay (42). Downregulation of apelin ex-
pression by the local delivery of apelin-targeting
small interfering RNA into grafted adipose tissue
leads to dramatic inhibition of angiogenesis (59). In
the rat portal hypertension model, treatment with the
APJ-specific antagonist FI13A markedly reduced
splanchnic neovascularization and formation of porto-
systemic collateral vessels (60). According to these re-
ports, it is suggested that apelin can be used for
therapeutic angiogenesis.

Analysis of transgenic mice expressing apelin in the
epidermis under the transcriptional control of the K14
promoter revealed that apelin can induce the forma-
tion of enlarged capillaries, but not arteriola and
venula in the dermis. Moreover, overexpression of
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apelin inhibited vascular leakage caused by VEGF or
histamine. These results indicate that apelin can induce
non-leaky larger blood vessels in vivo (61).

In cardiac failure, endothelial apelin expression cor-
relates with other hypoxia-responsive genes, and apelin
and APJ are upregulated in ECs of various tissues after
systemic hypoxia (10% FIO,) in vivo. It has been sug-
gested that apelin expression in the endothelium of the
heart is induced through the endothelial-specific
HIF-20 pathway (62). Another group also reported
that apelin expression was significantly increased in
Iungs of mice under hypoxic conditions (10% O,) in
an HIF-lo-dependent manner. Small interfering
RNA-mediated apelin or APJ knockdown inhibited
hypoxia-induced vessel regeneration in the caudal fin
regeneration model in zebrafish (30). In accordance
with these observations, we found that endogenous
apelin is required for recovery of hind limb perfusion
after induction of ischaemia (58). Using mouse hind
limb ischaemia models produced by occlusion of the
femoral artery, expression of APJ and apelin mRNA
was significantly increased in ECs from the ischaemic
muscle. In apelin-deficient mice, severe necrosis of the
toes and delayed recovery of blood flow were observed
when inducing ischaemia. These results suggested the
involvement of the apelin/APJ system in collateral
vessel formation during the process of recovery from
ischaemia states. Thus, we found that APJ expression
is induced after ischaemia treatment, and endogenous
apelin is required for functional recovery.

Apelin gene transfer promotes formation of enlarged
and non-leaky blood vessels in the hind limb ischaemia
model. Simultaneous overexpression of apehn and
VEGF by plasmid administration was superior to
VEGF alone at restoring tissue integrity after ischae-
mia damage by improved generation of enlarged blood
vessels in the ischaemic muscle (61). Moreover, apelin
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